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1999
• Collaboration set-up between CERN and TRIUMF

→ part of the Canadian contribution to the LHC.
• Mission

→ to produce a VME digital acquisition board for the LHC BPM system
• Resources

→ 1 FTE for electronics engineering (Daryl Bishop)
→ 1 FTE for software engineering (Graham Waters)
→ 1MCHF for production and testing of all DABs

2000
• First prototypes produced

→ standard VME32 card
→ could process 3 channels simultaneously (HOR, VER and INT)

• BPM acquisition card a separate module (of VME size)
→ communicating with the DAB via the P2 connector (no optical transmission).

• Intended for use in LHC tunnel with BPM acquisition & front-end processor!
• Tested for radiation hardness (TCC2)

→ as expected had huge SRAM error counts even for moderate radiation + some latch-
ups in the FPGA itself.

DAB History
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2001
• BPM system moves to optical transmission.
• DAB modified to integrate 2 BPM mezzanine cards.
• Decision taken to use the DAB for FBCT

2002
• DABIII & LHC BPM system successfully tested with beam in the SPS
• Near full functionality implemented & tested
• Canadian contribution cannot cover 1MCHF for DAB

2003
• Decision by the controls group to move to VME64x
• DAB specs changed to make use of additional functionalities - DAB64x specs 
• Production and testing will now be done at CERN

2004 
• Decision taken to use DAB for BLM system
• Last modification to DAB64x specs to include BLM requirements
• Prototype DAB64x boards produced by end 2004 

DAB History
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DAB & the LHC BPM Acquisition System

70MHz Low Pass Filters
Supplied by TRIUMF (Canada)

Single-Mode Fibre-Optic Link

VME based
Digital Acquisition Board

TRIUMF (Canada)

WBTN Mezzanine Card
(10bit digitisation at 40MHz)

1310nm Diode Laser Transmitter

Very Front-End WBTN Card

Tunnel

Surface
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DAB64x Architecture

Main Features
• VME Access

→ D32/A32 or D64/A64

• FPGA Core
→ Altera Stratix
→ EP1S10… EP1S40F780

• Synchronous SRAM
→ 3 blocks of 128K…2M x 

32/36

• 2 x 12 bit-Mezzanines

• 1 PMC I/O (PIM) Mezzanine

• Timing and Acquisition 
Clock management
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DAB64x VME Module

• 2 Mezzanines handle 12-bit 
40MHz Data

• PIM Connectors extend data 
lines (48 & 64 bits)

• Applications so far:
→LTI and LHC beam position 

systems
→SPS, LTI and LHC fast beam 

intensity measurements
→CNGS beam position system
→LHC beam loss systems
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The DAB64x P0 Connector

GNDUnusedBS7-15V-15VUnused19

GNDUnusedBS6-15VRET-15VRETUnused18

GNDLVDS 40 MHz Clock  -BS5+15VRET+15VRETUnused17

GNDLVDS 40 MHz Clock  +BS4+15V+15VUnused16

GNDUnusedBS3+5VRET+5VRETUnused15

GNDUnusedBS2+5VRET+5VRETUnused14

GNDLVDS Turn clock Delay  -BS1+5V+5VUnused13

GNDLVDS Turn clock Delay +BS0+5V+5VUnused12

GNDUnusedUnusedUnusedUnusedUnused11

GNDUnusedUnused-2V-2VUnused10

GNDUnusedUnused-2V-2VUnused9

GNDAuxiliary e8Auxiliary d8-2VRET-2VRETBLMout48

GNDAuxiliary e7Auxiliary d7-2VRET-2VRETBLMout37

GNDAuxiliary e6Auxiliary d6-5V2-5V2BLMout26

GNDOrbit StartAuxiliary d5-5V2-5V2BLMout15

GNDAuxiliary PM FreezeAuxiliary d4-5V2-5V2BLMin44

GNDAuxiliary PM StartAuxiliary d3-5V2RET-5V2RETBLMin33

GNDPost Mortem FreezeAuxiliary d2-5V2RET-5V2RETBLMin22

GNDPost Mortem StartCapture Start-5V2RET-5V2RETBLMin11

Row fRow eRow dRow cRow bRow aPin
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Power Supplies to Acq. Mezzanines From BST à Cabled to Stratix FPGA
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Mezzanine Connectors

a b a b

1  +15V  +15V 1 Turn Clk + Turn Clk -

2  +15VRET  +15VRET 2 40MHz + 40MHz -

3  -15VRET  -15VRET 3 Delayed Trn Clk + Delayed Trn Clk -

4  -15V  -15V 4 Delayed 40MHz + Delayed 40MHz -

5  -5.2VRET  -5.2VRET 5 Control  0 FBCT Integrator #

6  -5.2VRET  -5.2VRET 6 Control  1 Ext Trig

7  -5.2V  -5.2V 7 Control  2 Strobe

8  -5.2V  -5.2V 8 Control  3 IR

9  -2VRET  -2VRET 9 DGnd D11

10  -2VRET  -2VRET 10 DGnd D10

11  -2V  -2V 11 DGnd D9

12  -2V  -2V 12 DGnd D8

13  +5V  +5V 13 DGnd D7

14  +5VRET  +5VRET 14 DGnd D6

15 Unconnected Unconnected 15 DGnd D5

16 Unconnected Unconnected 16 DGnd D4

17 DGnd DGnd 17 DGnd D3

18  +5VD  +5VD 18 DGnd D2

19 DGnd DGnd 19 DGnd D1

20  +3.3VD  +3.3VD 20 DGnd D0

JX1 JX2

POWER DATA

L
V

D
S
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PIM Connectors

• The PMC I/O Module 
connectors extend the 
capability of the DAB 
board. They allow the 
connection to the Stratix
of: 
→48 bits on Jn0 and 
→64 bits on Jn4

• Jn0 provides the main 
power supplies to the 
PMC mezzanine 
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Main Devices

• Stratix 780-Pin BGA
→DAB64x compatible with all 

variants of FPGA & memory

• Associated Memory
Estimated Cost
→ 3 x 128K x 32:  12 EUR
→ 3 x   1M x 32: 150 EUR
→ 3 x   2M x 36: 420 EUR

615597586Maximum user I/O pins

12106PLLs

1129680Embedded multipliers (9x9-bit)

EP1S40EP1S30EP1S20

41 25032 47018 460Logic Elements (LEs)

384295194M512 RAM blocks (32 x 18 bits)

18317182M4K RAM blocks (128 x 36 bits)

422212Estimated cost (EUR)

141210DSP blocks

3 423 7443 317 1841 669 248Total RAM bits

441M-RAM blocks (4K x 144 bits)

Cost estimates from June 2004
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DAB64x & LHC BPMs – what it’s used for
• Orbit Mode - Real time acquisition at 10Hz

→ Sum & Count of all bunches over T turns
• LEP experience - default T set to 224  turns (20ms) for 50Hz elimination

→ Sum & Count of each individual batch over N turns
→ Sum & Count of 16 individual bunches over N turns

• Capture Mode (Triggered on demand)
→ Acquisition of N bunches for T turns where N×T ≤ 100000

• i.e. 1 bunch for 100000 turns or 100 bunches for 1000 turns
→ Sum & Count of all bunches or individual batches for >1000 turns

• Post-Mortem (Continuously updated)
→ Sum & Count of all bunches over 1 turn for 1000 turns 
→ Last 1000 orbit acquisitions

• Asynchronous Mode (Calibration Mode)
→ Allows acquisitions in absence of bunch synchronous clock
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DAB64x & LHC BPMs – additional features
• Data clocked in by the ADC Strobe (BPM acquisition is auto-triggered)

→ Data either In-Range or Out-of-Range or No-Strobe
→ Out of range data counted as an error count in orbit and post mortem modes.
→ Use of ADC strobe to latch in the data gives a wide time range over which data is 

stable (~15ns out of 25ns). i.e. phase of the 40MHz clock not too critical

• Histogram acquired with each orbit
→ 12-bit histogram of all valid bunches acquired for each orbit.
→ Gives the spread of the data.

• Global bunch mask
→ Allows the masking of any bunch if for any reason it should not be considered for 

the orbit acquisition 
• e.g. pacman bunches or if first bunches in a batch are found to have different 

electronic offsets.

• Look-up table
→ 12-bit look-up table allows corrections to the data to be applied locally.

• e.g. 3rd order correction for a single BPM channel
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DAB & LHC BPMs – some SPS results

Second injection

Third injection
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Summary
• The DAB64x architecture is very versatile

→ Altera Stratix family FPGAs allow for powerful data treatment
→ FPGA code can be changed to suit many needs
→ Can cope with 40MHz LHC data rate if required

• The DAB64x will be used in both of the major LHC beam 
instrumentation systems (BLM & BPM)

→ Hardware knowledge in-house at CERN
→ Software platform for integration into CERN control system is in place
→ Guarantees long term hardware & software support

• The DAB64x can provide a cheap, alternative data acquisition 
platform over expensive analysers used in specific modes of 
operation

→ 1 DAB64x board will cost ~1000 CHF (~$830)


